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Introduction
Palynological studies of the Euphorbiaceae have been extremely useful in clarifying systematic relationships within the family. Using light microscopy (LM), Erdtman (1952) was the first to point out the great variation in the shape, sculpturing, and apertures of Euphorbiaceae pollen and to suggest that these characteristics were significant systematically. Punt (1962) subsequently conducted a more detailed survey, confirming most of Erdtman's conclusions. K6hler (1965) completed a thorough study of the biovulate genera, i.e., those that produce two ovules per locule, which had long been placed in the subfamily Phyllanthoideae. He concluded that the genera with spinose pollen should be placed in a new subfamily, the Oldfieldioideae.
Subsequent intrafamilial classifications of the Euphorbiaceae have continued to recognize these two subfamilies as well as the Acalyphoideae, Crotonoideae, and Euphorbioideae (Webster 1967 (Webster , 1975 (Webster , 1994 . The Phyllanthoideae (55 genera, 2,100 species) is probably a basal, paraphyletic taxon, the members of which are united only by sharing a number of ancestral (plesiomorphic) features. The Oldfieldioideae (28 genera, 80 species) appears to be monophyletic, united by the spinose pollen observed by Kohler (1965) . The remaining three subfamilies share the synapomorphy (shared derived character state) of a single ovule per locule. The Acalyphoideae (113 genera, 2,100 species) is probably paraphyletic, differing from the other uniovulate subfamilies mainly in lacking milky or colored latex. The Crotonoideae (64 genera, 1,450 species) share the synapomorphies of stellate, dendritic, or lepidote trichomes, and mostly porate or inaperturate pollen with the distinctive "crotonoid" pattern of exinous processes (Nowicke 1994) . The Euphorbioideae (38 genera, 1,800 species) are united by the synapomorphy of a reduced perianth.
Our understanding of relationships within the Phyllanthoideae and Oldfieldioideae has been greatly increased by pollen studies using SEM (Bonnefille and Riollet 1980; Punt 1980 Punt , 1987 Poole 1981; Hayden et al. 1984; Webster 1984a; Dechamps et al. 1 985; El-Ghazaly and Raj 1986; Lobreau-Callen in McPherson and Tirel 1987; Webster et al. 1987; Lobreau-Callen and SuarezCervera 1989) . However, only three palynological studies of these subfamilies (Poole 1981; Hayden et al. 1984; Lobreau-Callen and SuarezCervera 1989) have used TEM to describe the details of exine architecture, and though the authors treated only six genera, they suggested that pollen wall ultrastructure may be systematically valuable.
We investigated pollen ultrastructure in the biovulate Euphorbiaceae with the goal of exploring its contribution to the systematics of these subfamilies. We initially found little variation in exine wall structure within the Phyllanthoideae, whereas pollen of Oldfieldioideae varied consid-313 314 INTERNATIONAL JOURNAL OF PLANT SCIENCES erably. As a consequence we concentrated our efforts on the latter subfamily, examining a small sample of Phyllanthoideae selected to included members of the major groups recognized in Webster's classification (1975 Webster's classification ( , 1994 . We also examined Didymocistus and Hymenocardia, both Phyllanthoideae, because of questions about their relationships.
This article is primarily descriptive. In a separate article (Levin and Simpson 1994a) , we analyze the pollen characters of the subfamily Oldfieldioideae phylogenetically, both alone and in combination with anatomical and morphological characters. Only the major conclusions of our phylogenetic analysis will be repeated here.
Material and methods
Flowers from dried herbarium specimens were rehydrated either at room temperature or at 600C in 1% Aerosol OT for 3-5 d, then fixed and stored in FAA. For LM, pollen was cleared in Hoyer's mounting medium (Radford et al. 1974 ) on a microscope slide preparation. LM observations were made with differential interference contrast optics using a Nikon Microphot-FX photomicroscope. For SEM, whole anthers were dehydrated to 100% ethanol, then gradually infiltrated to 100% Freon 113 or methylal (dimethoxymethane). The anthers were placed in a metal capsule and critical-point dried with a Tousimis critical-point dryer using pressurized carbon dioxide as the transition fluid. Pollen grains were tapped onto a stub covered with double stick tape, sputter-coated with gold/palladium in a Hummer-4 sputtering apparatus, and photographed on a Hitachi S500 scanning electron microscope (20 kV). In addition to our own preparations, we also studied SEM micrographs loaned to us by G. Webster.
For TEM, whole anthers, isolated pollen, or pollen embedded in 2% agar was fixed in cold 4% gluteraldehyde in 0.1 M Sorensen's phosphate buffer for 2 h, followed by several rinses in buffer and further fixation in 2% osmium tetroxide for 2 h. Specimens were quickly rinsed twice in buffer, progressively dehydrated to 100% ethanol, infiltrated in a gradation series of Spurr's resin (Spurr 1969) , and finally polymerized at 650C for 12-18 h. Sections 0.5 ,um thick were stained with 1% toluidine blue and mounted on a slide for LM observations. Ultrathin-sections (ca. 95 nm thick) were prepared with a Diatome diamond knife on a Reichert Ultracut-E ultramicrotome, mounted on uncoated hexagonal 200 mesh copper grids, and poststained with a saturated 50% ethanol solution of uranyl acetate for 15 min and 0.2% aqueous lead citrate for 7 min. To inhibit stain precipitation, grids were gently and quickly washed in a running stream of filtered, distilled water between and after poststain changes. Observations and photographs were made on a Philips EM 410 transmission electron microscope at 80 kV.
Mean pollen grain diameter (polar x equatorial) was determined from LM preparations, mean spine length from either LM observations or TEM micrographs, and mean ektexine foot layer and tectum thicknesses from TEM micrographs. Sample sizes from LM observations included at least 10 pollen grains, whereas those from TEM micrographs were generally very small.
Our terminology generally follows that of Reitsma (1970) and Walker and Doyle (1975) . Reitsma (1970) distinguished spines of length > 1 ,um, which he termed "echinae" (sculpturing "echinate"), from those of length < 1 ,um, which he termed "scabrae" (sculpturing "scabrate"). To reflect the discontinuities among the taxa in our study, we modified Reitsma's terms and use the terms "echinae" or "echinate" when spines are >0.9 ,um in length and "scabrae" or "scabrate" when <0.5 ,um in length. With regard to tectal structure, we use the term "microperforate" to describe a tectum penetrated by very narrow pores delimited by closely appressed tectal elements, whereas "homogeneous" refers to the absence of microperforations or any other wall discontinuities. A microperforate tectum may be composed either of laterally appressed baculate elements, a structure that we term "microperforate/baculate," or of laterally appressed granular to tabular elements, a structure that we term "microperforate/granular." "Perforate" refers to a larger hole in the tectum that is not immediately bordered by closely appressed tectal elements; the tectum between perforations may be either microperforate or homogeneous. "Imperforate" simply means that the tectum lacks both perforations and microperforations. With regard to foot layer structure, "homogeneous" refers to a continuous wall whereas "irregular" refers to an interrupted, discontinuous wall. With regard to foot layer thickness, we use the terms "thin" and "thick" to reflect a major discontinuity among investigated taxa as determined by a quantitative analysis (Levin and Simpson 1 994a); for our purposes, we define "thin" as <0.5 ,um and "thick" as >0.5 ,um. Because tectum thickness varied almost continuously, we did not recognize any distinct size classes in this feature (Levin and Simpson 1 994a) .
Results and comparisons with previous work In the results that follow, descriptions of ektexine and endexine correspond to the nonaperural region except where noted. Voucher collection data and herbarium acronym (after Holmgren et al. 1990 ) are in parentheses following each investigated species name.
SUBFAMILY PHYLLANTHOIDEAE ASCHERSON
In this subfamily the sequence of genera follows Webster (1994 1) ; ektexine apparently intectate, with a thick (1.0 ,um), homogeneous foot layer and elongate distally rounded baculae ( fig. 2 ), these apparently homologous to columellae (Discussion); endexine relatively thin ( fig. 2 ), thickened at apertural border (fig. 3) ; intine two-to-threelayered, very thick in apertural region ( fig. 3 ).
Descriptions and illustrations of pollen of A. guianensis (Punt 1962 (Punt , 1987 Webster et al. 1987) agree with our observations except that Punt (1962) reported the grains to be 39-46 x 45-52 jAm and the baculae to be up to 7 jAm long. The specimen with reticulate sculpturing that Erdtman (1952) cited is properly assigned to Amanoa sinuosa W. J. Hayden (Hayden 1990 fig. 7) , thickened at apertural border. Pollen of this species was illustrated by Webster (1 984a). Other species in this genus described or illustrated (Erdtman 1952; Punt 1962; Kohler 1965 ) are now placed in Chascotheca, Flueggea, and Jablonskia (Webster 1984a (Webster , 1984b fig. 10 ), thickened at apertural border (fig. 11) ; intine thick, two-layered throughout (figs. 10, 11). Pollen of this species has not been described previously. The few other species of Drypetes examined palynologically have generally similar pollen (Punt 1962; Kohler 1965 fig. 12) , greatly thickened at apertural border (fig. 13) ; intine of apertural region two-layered ( fig. 13 ). Pollen of this species was illustrated by Punt (1987) ; other species have very similar pollen (Punt 1962; Kohler 1965 fig. 16 ); endexine moderately thick, thickened in apertural region ( fig. 16 ). Punt's (1962) description of these species is entirely consistent with ours. Pollen of other species is very similar (Erdtman 1952; Punt 1962; Kbhler 1965 fig. 18 ), thickened at apertural border (fig. 19) ; intine of apertural region thick, 2-3-layered ( fig. 19 ).
In addition to the cursory references to pollen of this species by Punt (1962 Punt ( , 1987 and Webster (1984a) , Franco R. (1990) provided detailed descriptions and illustrations. Our observations are in full agreement with hers, though our small sample size included no grains with horns at the ends of the endoaperture, which she described as sometimes present. Pollen of these and other species of Hymenocardia have been described and illustrated by Punt (1962) , Kbhler (1965) , and especially Dechamps et al. (1985) . Our observations are consistent with these others, though Dechamps et al. (1985) reported that the scabrae may be up to 0.25 ,um long.
SUBFAMILY OLDFIELDIOIDEAE KOHLER AND WEBSTER
In this subfamily we list the genera in order of the cladogram shown in fig. 75 , the preferred cladogram of Levin and Simpson (1994a) , and follow their classification.
TRIBE CROIZATEAE WEBSTER (1 GENUS, 4 SPE-CIES).

CROIZATIA STEYERM. (4 SPECIES).
Croizatia naiguatensis Steyerm. (Venezuela, Berry et al. 4124, DAV) . Pollen globose (32 gim), 3-brevicolporate; sculpturing echinate (3.3 Am long); ektexine with a thick (0.63 ,um), homogeneous foot layer, irregular columellae that generally appear discontinuous with the foot layer, and a microperforate/granular tectum (0.24 um; figs. 27, 28); apertural region with foot layer considerably thickened and interstitium and tectum reduced ( Figs. 7-13 Pollen of Euphorbiaceae subfamily Phyllanthoideae. interstitium absent (Discussion); endexine thickened at apertural border; intine of apertural region thick, two-layered. More detailed illustrations of this species can be found in Levin (1992 The description by K6hler ([1965] , as Richeria loranthoides [Klotzsch] Muell. Arg.) and illustration by Webster et al. (1987) are consistent with our observations. Although we have described the tectum as microperforate/baculate, the tectum is much less segmented than in most Oldfieldioideae with this type of tectum (Discussion). Published descriptions and illustrations of pollen of this species (Kohler 1965; Hayden et al. 1984; Webster et al. 1987 ) generally agree with our observations. Kohler (1965) , however, reported that the grains-were smaller (33 x 36 gAm) and had (5-)6(-7) apertures. Pollen of other species of Tetracoccus is similar, though somewhat smaller and with shorter spines (Punt 1962 (Punt , 1987 Kohler 1965 Punt (1962) and Kohler (1965) described pollen of this species to be somewhat smaller (23-27 x 25-32 gAm) with shorter spines; otherwise their descriptions agree with ours. Pollen of Piranhea longipeduculata Jabl. appears similar (Hayden et al. 1984) . fig. 44) , slightly thickened at aperture border; intine of apertural region two-layered, thickened. Previous descriptions and illustrations of pollen of this species (Erdtman 1952; Punt 1962; K6hler 1965; Hayden et al. 1984) are consistent with our observations, though reported diameters vary widely (24.5-35.4 x 27.5-43 gAm). Kohler (1965) ported the apertures to be up to eight in number. Oldfieldia dactylophylla (Oliver) Leonard has similar pollen (Punt 1962; K6hler 1965 Previous reports on the number and distribution of apertures differ considerably. Erdtman (1952) described the pollen as polyforate, i.e., pantoporate with more than 12 apertures (not oligoforate, i.e., with 12 or fewer pores, as misquoted by Dahlgren and van Wyk 1988) , with the pores faintly defined and covered with granulate membranes. K6hler (1965) , studying the same sample, described the pollen as more or less pantoporate or possibly dizonoporate, with 14-18 inconspicuous, variably shaped apertures covered with granular or smooth membranes. Punt (1962) , who studied different material, considered the pollen inaperturate. All these authors used only LM. Dahlgren and van Wyk (1988) used both LM and SEM for another sample and found that most grains were inaperturate but some had a few places where the thin tectum apparently was torn to form a small "pore" with a granular membrane. Our observations are based on both LM and SEM. Though clearly visible with SEM, with LM the apertures often were extremely inconspicuous but could be resolved using Herr's clearing fluid (Herr 1971) . The possibility that there are both pantoporate and inaperturate populations should be investigated further. Our observations are otherwise consistent with reports by Erdtman (1952) , Punt (1962 Punt ( ), K6hler (1965 , and Dahlgren and van Wyk (1988 fig. 48 ), thickened at apertural border (fig. 49) ; intine two-layered, thickened in apertural region ( fig. 48, 49) . Pollen of this recent segregate from Androstachys (Radcliffe-Smith 1990) has not been described previously. Although we describe the tectum as microperforate/baculate in both species of Stachyandra, they have fewer microperforations than is characteristic both of other Mischodontinae and of many other Oldfieldioideae.
VOATAMALO CAPURON EX BOSSER (2 SPECIES).
Voatamalo eugenioides Capuron ex Bosser (Madagascar, Capuron 22327-SF, K). Pollen globose (44 ,m), 5-6-porate, zoni-aperturate; sculpturing echinate (3.3 ,m long); ektexine with a thin (0.14 ,um) and irregular to absent foot layer, an irregular interstitium that is generally discontinuous with the foot layer, and a microperforate/ baculate tectum (0.38 ,m; fig. 50 ); endexine thin; intine two-layered ( fig. 50) . Pollen of this genus has not been described previously.
MISCHODON THWAITES (1 SPECIES).
Mischodon zeylanicus Thwaites (Sri Lanka, Waas 336, MO). Pollen globose (38 ,im), 5-7-porate, zoni-aperturate; sculpturing echinate (3.8 ,um long); ektexine with a thin (0.25 ,um), irregular foot layer, an irregular interstitium that is discontinuous with the foot layer, and a microperforate/baculate tectum (0.44 ,m; fig. 51 ); endexine thin; intine two-layered ( fig. 51 ). Our observations are consistent with those of Erdtman (1952), Punt (1962 Punt ( ), K6hler (1965 , and Hayden et al. (1984) .
ARISTOGEITONIA PRAIN (3 SPECIES).
Aristogeitonia monophylla Airy Shaw (Kenya, Faden et al. 45256, K) . Pollen oblate (30 x 34 ,um), 5-7-brevicolpate (possibly brevicolporate), zoni-aperturate; sculpturing echinate (4.1 ,m long); ektexine with no foot layer, an irregular and often very reduced interstitium, and a microperforate/baculate tectum (0.24 ,um; fig. 52 ); endexine consisting of a thin basal layer (fig. 52) ; intine two-layered, somewhat thickened at apertural border (fig. 53 ). Although pollen of this species has not been described, pollen of Aristogeitonia limoniifolia Prain and Aristogeitonia perrieri (Leandri) R.-Sm. (= Paragelonium perrieri LUandri) is similar, apparently differing primarily in having somewhat shorter (2.5-3.5 ,um long) spines (Punt 1962; K6hler 1965 fig. 54 ), thickened at aperture border (fig. 55) ; intine twolayered, thickened in apertural region ( fig. 55 ). Descriptions and illustrations of this species (Erdtman 1952; Punt 1962 Punt , 1987 K6hler 1965) are generally consistent with our observations. Erdtman and K6hler, however, reported the grains (as Toxicodendron globosum [Gaertner] Pax and K. Hoffm.) to be considerably smaller (29-31 x 34 ,m), whereas Punt's (1962) no foot layer, an interstitium of irregularly spaced columnar elements, and a microperforate/baculate tectum (0.48 ,um; fig. 56 ); ektexine at aperture border with thickened basal layer; endexine consisting of a thin basal layer ( fig. 56 ), thickened at aperture border. Pollen of this genus has not been described previously.
LONGETIA BAILLON (1 SPECIES).
Longetia buxoides Baillon (New Caledonia, McPherson 3789, MO). Pollen oblate (27 x 30 ,um), 6-7-brevicolporate, zoni-aperturate, with circular endoaperture; sculpturing scabrate (0.4 ,um long); ektexine with no foot layer, an interstitium of sparse, irregular to columella-like elements, and a nearly imperforate tectum (0.84 ,um) with occasional minute scabrae (fig. 58) ; ektexine of apertural region with tectum bulging outward, delimiting the outer widely elliptic exoaperture, and with basal thickenings constituting the inner circular endoaperture (fig. 57) ; endexine moderately thick ( fig. 58) , thickened slightly at aperture border (fig. 57) ; intine twolayered, thick, somewhat more thickened in aperture region (figs. 57, 58).
Prior descriptions and illustrations of this species (Erdtman 1952; Punt 1962 Punt , 1987 K6hler 1965; Martin 1974 Although this is the first description of the pollen of this species, pollen of Choriceras tricorne (Benth.) Airy Shaw, the only other species in the genus, has been described and illustrated under its synonym Dissiliaria tricornis Benth. by several authors (Erdtman 1952; Punt 1962; Kohler 1965; Martin 1974 ). The two species appear to have very similar pollen, perhaps with that of C. tricorne being somewhat smaller (18-22 x 20-25 ,um). Martin's (1974) statement, based on LM, that the sculpturing is finely reticulate is contradicted both by our observations and those of the remaining authors cited above. Punt (1962) apparently did not see the scabrae with LM and incorrectly described the pollen as psilate. The tectum of Choriceras has fewer microperforations and lacks the baculate structure found in most Oldfieldioideae (Discussion). irregular interstitium, and a microperforate/baculate tectum (0.38 ,im); endexine forming a thin basal layer, thickened at apertural border; intine of apertural region thick, two-layered (not illustrated).
Petalostigma quadriloculare F. Muell. (Australia, Mocanochie 1993, K). Pollen oblate (32 x 34 ,m), 5-6-porate, zoni-aperturate; sculpturing echinate (1.0 ,m long); ektexine with no foot layer, an irregular interstitium, and a microperforate/baculate tectum (0.51 ,um; fig. 63 ); endexine forming a thin basal layer ( fig. 63 ), thickened at apertural border (fig. 64) ; intine two-layered ( fig.  63), thickened in apertural region (fig. 64) . Erdtman (1952) studied pollen identified as P. pubescens, and Punt (1962) and Kohler (1965) studied what they called P. quadriloculare. Unfortunately, prior to Airy Shaw's revision of the genus in 1976, many collections were misidentified (Airy Shaw 1976) . All our samples came from specimens annotated by Airy Shaw, but he did not cite any of the specimens that were sources for the pollen studied by the others, so we cannot determine if differences in observations reflect variation within species or simply misidentifications. In general our observations are consistent with these earlier descriptions. All authors reported smaller diameters than we measured: 26 x 28 Am for P. pubescens (Erdtman 1952 ) and 25-28.5 x 28-32 um for P. quadriloculare (Punt 1962; K6hler 1965) . More significantly, they all reported that the apertures of Petalostigma do not lie exactly in the equatorial plane. Our observations are not entirely consistent with theirs. In P. pubescens we found that some of the apertures indeed lay outside the equatorial plane, but in P. quadriloculare all the apertures were strictly equatorial. Because they are oblique polar views, the LM photographs of this species shown by Martin ([1974] , as Petalostigma haplocladum Pax and K. Hoffm.) are difficult to interpret. It is possible that aperture distribution in Petalostigma may represent a transition between zoni-aperturate and pan-aperturate, particularly if the species themselves are polymorphic. 63 ,im; fig. 65) ; nonapertural endexine forming a thin basal layer ( fig. 65 ). Henderson's (1992) illustration of the pollen of this species is consistent with our observations. K6hler's (1965) description differs from ours in that he reported that the grains were 27 ,m in diameter and bore 30-40 pores. Otherwise his description agrees with our observations. Neoroepera banksii Benth. (Australia, Hyland 6945, K). Pollen globose (36 ,um), ca. 25-pantoporate; sculpturing echinate (3.7 ,m long); ektexine with a thick (0.98 ,m), homogeneous foot layer, an irregular interstitium that is generally discontinuous with the foot layer, and a microperforate, granular tectum (0.26 ,im; fig. 66) ; foot layer at aperture border slightly thickened (fig.  66) ; endexine not observed; intine two-to-threelayered, the outer one to two layers thickened in apertural region ( fig. 66 ). Punt's (1962) description and Martin's (1974) and Henderson's (1992) illustrations of the pollen of this species are generally consistent with our observations, though Punt reported the pollen to be somewhat larger (40 ,m) with shorter spines (2 gm) and up to 30 apertures.
KAIROTHAMNUS AIRY SHAW (1 SPECIES).
Kairothamnusphyllanthoides (Airy Shaw) Airy Shaw (Papua New Guinea, Streimann NFG 24462, K). Pollen globose (26 gim), 10-12-pantoporate; sculpturing echinate (1.8 ,m long); ektexine with a thick (0.61 gm), homogeneous foot layer, an interstitium of irregular granular elements that are discontinuous with the foot layer, and a microperforate, granular to tabular tectum (0.21 gim; fig. 67 ); foot layer at aperture border slightly thickened (fig. 68) ; endexine obvious only at aperture border (fig. 68) ; intine two-to-threelayered (figs. 67, 68), the outer one to two layers thickened in apertural region ( fig. 68) . Pollen of this genus has not been described previously.
SCAGEA MCPHERSON (2 SPECIES).
Scagea oligostemon (Guillaumin) McPherson (New Caledonia, Webster 19181, DAV) . Pollen globose (30,um), 16-20-pantoporate; sculpturing echinate (1.9,um long); ektexine with a thick (0.70 gim), homogeneous foot layer, an interstitium of irregular, granular elements that are discontinuous with the foot layer, and a microperforate, granular to tabular tectum (0.19,um; fig. 69) ; foot layer at aperture border slightly thickened (fig.  70) ; endexine observed only at aperture border (fig. 70) ; intine two-layered ( fig. 69) , the outer layer thickened in apertural region ( fig. 70 ). Descriptions and illustrations of the pollen of this species (Punt [1962] , as Longetia gynotricha Guillaumin; Lobreau-Callen in McPherson and Tirel [1987] ) are consistent with our observations. (fig. 37) ; sculpturing echinate (3.0 ,m long); ektexine with a thick (1.5 ,um), homogeneous foot layer, an irregular interstitium that is discontinuous with the foot layer, and a microperforate, granular tectum (0.33 ,um; fig. 71) ; foot layer at aperture border slightly thickened (fig. 71) ; endexine absent or very scanty (fig. 71) ; intine two-to-three-layered, the outer one to two layers thickened in apertural region ( fig. 71) .
Pollen of this species has been described and/ or illustrated by Erdtman (1952) , Punt (1962 Punt ( ), K6hler (1965 , Martin (1974) , and Henderson (1992) . These reports differ from ours only in that Punt (1962) stated the pollen diameter to be 45 ,um (whereas the others gave diameters very close to our measurement of 34 ,im) and that both he and K6hler (1965) reported 40-50 apertures. The pollen of Micrantheum ericoides Desf. differs in its smaller size, fewer apertures with spines clustered around them, and thicker exine (Erdtman 1952; Punt 1962; K6hler 1965) , indicating that pollen might provide systematically useful information at the infrageneric level in Micrantheum.
PSEUDANTHUS SIEBER EX SPRENGEL (7 SPECIES).
Pseudanthus divericatissimus (Muell. Arg.) Benth. (Australia, Coveny 5253, DAV). Pollen globose (23 ,m), 10-1 4-pantoporate; sculpturing echinate (1.2,um long); ektexine with a thick (0.65 ,im) foot layer, an interstitium of irregular columnar elements that are discontinuous with the foot layer, and a microperforate, granular tectum (0.22 ,im; figs. 72, 73); foot layer at aperture border thickened (fig. 72) ; endexine not observed; intine two-to-three-layered, the outer one to two layers thickened in apertural region ( fig. 73) .
Pollen of this species has not been described previously, but our observations are consistent with descriptions of the pollen of other species (Erdtman 1952; Punt 1962; K6hler 1965) . Aperture number varies considerably within the genus, with reports of six to eight apertures in Pseudanthus nematophorus F. Muell., Pseudanthus orientalis F. Muell. and Pseudanthus pimeloides Sieber; 10-14 in Pseudanthus divericatissimus; 18-25 in Pseudanthus virgatus (Klotzsch) Muell. Arg.; and 20-25 in Pseudanthus ovalifolius F. Muell. With further study, aperture number may prove to be of systematic value in this genus. interstitium of irregular columnar elements that are discontinuous with the foot layer, and a microperforate, granular tectum (0.14 ,um; fig. 74) ; foot layer at aperture border thickened (fig. 74); endexine possibly deposited at aperture periphery (fig. 74) ; intine two-to-three-layered, the outer one to two layers thickened in apertural region ( fig. 74) . Pollen of this species has not been de- scribed previously. Pollen of Stachystemon vermicularis Planchon apparently is larger (28-36 ,um) but otherwise similar (Erdtman 1952; Punt 1962; K6hler 1965) . Aperture number in the latter species is unclear, with Punt (1962) reporting 12 apertures in agreement with our count for S. polyandrus, but K6hler (1965) reporting 17-22.
Discussion
These palynological data provide several characters of systematic significance (table 1) . We have previously utilized these data, along with morphological and anatomical characters, in a cladistic analysis of the subfamily Oldfieldioideae POLLEN 333 (Levin and Simpson 1994a) . In that study, relationships in the subfamily Phyllanthoideae were not well resolved. In contrast, phylogenetic relationships within the Oldfieldioideae were well resolved, with the palynological data almost completely compatible with the morphological and anatomical data. We trace four of the pollen characters onto our preferred cladogram ( fig. 75) for reference with the following discussion.
POLLEN SHAPE
Most investigated members of the subfamily Phyllanthoideae have prolate grains (table 1; fig.  17 ). Other studies (Punt 1962; Kohler 1965 ) have shown that both prolate and globose to oblate pollen grains are widespread in the Phyllanthoideae. All members of the subfamily Oldfieldioideae, as delimited here, have a globose to oblate pollen shape (table 1; figs. 33, 35, 37) . It is not clear which pollen shape is evolutionarily derived in these subfamilies (Levin and Simpson 1 994a).
POLLEN SIZE
Mode of preparation can greatly influence grain size (reviewed by Moore et al. 1991) . In our study, all pollen samples were prepared in the same way and comparisons among them are valid. However, differences in pollen size from other studies are difficult to evaluate because of differing methods of preparation. In addition, we did not evaluate intraspecific variation in pollen size because of our limited samples.
Investigated members of the Phyllanthoideae have pollen grains ranging from ca. 12 to 33 ,um maximum diameter, except for Amanoa spp., which have distinctly larger grains, ranging from ca. 40-52 Atm maximum diameter ( fig. 23 ). However, some species of the large genus Phyllanthus, not investigated in this study, have porate apertures (table 1) . The presence of a lalongate (transversely or latitudinally oriented) endoaperture, also called a "colpus transversalis" (Punt 1962 ), may constitute a synapomorphy uniting some taxa within the Phyllanthoideae, but our study of this subfamily is too incomplete to verify this. All investigated members of the subfamily Oldfieldioideae have apertures that with SEM appear to be brevicolpate or porate (table 1; figs. 3 5-38), a synapormorphy for the subfamily (Levin and Simpson 1994a) . Structurally, the apertures of most Oldfieldioideae probably are brevicolporate or pororate, i.e., they have a circular, differentially thickened endoaperture in addition to the exoaperture (Punt [1962] , Kohler [1965] , Hayden et al. [1984] , all of whom used LM to study acetolysed pollen grains, the best technique for detecting the endoaperture of colporate or pororate pollen).
APERTURE NUMBER Croizatia (Oldfieldioideae) and all investigated members of the Phyllanthoideae have 3-aperturate pollen grains (table 1; figs. 8, 16, 20) . However, some species of the large genus Phyllanthus, not investigated in this study, may have up to 60 apertures (table 1). All members of the Oldfieldioideae (except Croizatia) have from four to ca. 40 apertures (table 1) . Within the Oldfieldioideae, the occurrence of more than three apertures constitutes a synapomorphy for the tribes Podocalyceae, Picrodendreae, and Caletieae (i.e., for all but Croizatia, the most basal taxon of the Oldfieldioideae [Levin and Simpson 1 994a] ).
A strong correlation exists between aperture shape and aperture number. The 3-aperturate taxa mostly have a colporate (rarely brevicolporate) aperture shape, the exception, mentioned above, being Hymenocardia, which has three essentially porate apertures ( fig. 23 ). Taxa with four or more apertures all have porate (to pororate) or brevicolpate (to brevicolporate) aperture shape. Of the Oldfieldioideae with more than three apertures, aperture number varies considerably. No clear discontinuity is apparent between taxa with four and those with up to ca. 40 apertures; a correlation is evident, however, between aperture number and aperture position.
APERTURE POSITION
Pollen of all investigated members of the Phyllanthoideae is zoni-aperturate (table 1; figs. 17, 20, 23) . However, some species of the large genus Phyllanthus, not investigated in this study, are pan-aperturate (table 1). In the Oldfieldioideae the zoni-aperturate condition is ancestral ( fig.  75A ). Within this subfamily the pan-aperturate condition (figs. 35-38) is a synapomorphy for the subtribe Pseudanthinae of the tribe Caletieae, and it arose independently in Androstachysjohnsonii ( fig. 75A ; Levin and Simpson 1994a) .
Aperture position and number are correlated to some degree. Taxa with three apertures are always zoni-aperturate, as are most taxa with four fig. 74 )-have an exine architecture quite different from that typical of the subfamily (Levin and Simpson 1994a) . Although similar in having an irregular interstitium, the exine of these taxa has a homogeneous (not irregular), relatively thick foot layer and a relatively thin, microperforate tectum in which the tectal elements are granular to tabular rather than baculate. Kohler (1965) , using LM, described this assemblage of structural features as the Micrantheum type. Both the foot layer and tectum conditions are synapomorphies for the Pseudanthinae, minus N. buxifolia ( fig. 75B, D) Note that the "relatively thick" foot layer of these Pseudanthinae is not always absolutely thicker than all other Oldfieldioideae; however, the foot layer to tectum ratio for all Pseudanthinae (except N. buxifolia) is greater than 2.5, whereas that for all other Oldfieldioideae (including N. buxifolia but with the exception of Croizatia) is less than 1. Although McPherson and Tirel (1987) referred Scagea to the Crotonoideae because of its uniovulate locules, our study shows that it has pollen ultrastructure identical to other Pseudanthinae (Levin and Simpson 1994a) and very different from that of the Crotonoideae (Nowicke 1994) . The structurally similar exine of Croizatia (figs. 27,28) evolved independently of that in the Pseudanthineae ( fig. 75B, D) . Paradrypetes ( fig. 29) and Podocalyx (figs. 30, 31) are unusual in having a two-layered exine consisting of an irregular inner layer that is discontinuous from an imperforate or microperforate/baculate outer layer. We interpret the outer layer to be homologous to the tectum in other Oldfieldioideae because it is continuous with the echinae and, in Podocalyx, it exhibits the microperforate/baculate structure found in most Oldfieldioideae. Because the interstitial elements of all other Oldfieldioideae are continuous with the tectum, we interpret the inner exine layer of Paradrypetes and Podocalyx as homologous with the foot layer, not the interstitium; thus, the interstitium is absent, a synapomorphy for these two genera ( fig. 75C ). A close relationship between these two genera is also supported by anatomical characters (Levin and Simpson 1994a) . The tectum of Podocalyx, though microperforate/baculate, is less segmented than that in most Oldfieldioideae and may be evolutionarily intermediate between the typical microperforate/baculate structure of many Oldfieldioideae and the homogeneous tectum found in Paradrypetes.
Androstachys ( fig. 45 ) is exceptional in the Oldfieldioideae in having a tectate-columellate exine architecture, as in all investigated Phyllanthoideae. Our cladistic analysis of palynological and other data (Levin and Simpson 1994a) showed that Androstachys, rather than being a member of the Phyllanthoideae, is nested within the Oldfieldioideae and most closely related to Stachyandra ( fig. 75) . Thus, the exine structure of Androstachys is independently derived from that of the Phyllanthoideae ( fig. 75 B-D) . In fact, the exine structure of Androstachys and the Phyllanthoideae differ in that Androstachys has a much thinner foot layer (0.07 Am vs. 0.1 1 Am for the thinnest investigated Phyllanthoideae), very sparse, delicate columellae, and a microperforate/homogeneous tectum. The two investigated species of Stachyandra have a tectum that, though microperforate/baculate, may be transitional to that found in Androstachys in having fewer microperforations and a less baculate structure than most other Oldfieldioideae. A similar but evolutionarily independent loss of microperforations and baculate structure is apparently shown by Choriceras and Longetia ( fig. 75D) .
In most taxa of the Oldfieldioideae, the foot layer and/or endexine are thickened at the border of the aperture, which may function to provide structural support for the aperture. This basal thickening presumably is equivalent to the margin of an endoaperture or "os." In most of the observed taxa, this is the result of an abrupt thickening of the endexine and an associated thinning of the ektexinous foot layer. However, in the genera Whyanbeelia, Longetia, Choriceras, and Dissiliaria the apertural border thickening occurs not in the endexine but in the ektexinous foot layer (figs. 60, 62). Based on the cladistic study of Levin and Simpson (1994a) , this thickening of the ektexinous foot layer represents a synapomorphy of these four genera. Similar ektexinous thickenings are found in Croizatia, some Pseudanthinae, and questionably Oldfieldia, but are usually less well developed and are all independently derived (Levin and Simpson 1994a) .
In conclusion there is considerable palynological diversity in the subfamilies Phyllanthoideae and Oldfieldioideae of the Euphorbiaceae. Our observations, particularly those using TEM, not only reinforce results from prior studies but also provide significant new data. This is especially true with regard to exine wall structure. Cladistic analysis (Levin and Simpson 1994a) of our palynological data along with data from morphology and anatomy has demonstrated their phylogenetic significance, particularly for delimiting the Oldfieldioideae and inferring its phylogeny. These results, like those of Nowicke's (1994) study of the Crotonoideae, emphasize the importance of TEM in palynological studies and underscore the need for more extensive use of this technique in studies of the Euphorbiaceae.
